
CHAPTER III 
EXPERIMENTAL

3.1 Materials and Apparatus

3 .1 .1  C h e m ic a ls  and M a ter ia ls

•  P o ly p r o p y le n e  h o m o p o ly m e r  (P P  1 1 0 2 K ) p e lle ts  w ith  M F I o f  4  
g /1 0  m in  (1 9 0  °c, 2 .1 6  k g ) , IR P C  C o . L td ., T h a ila n d .

•  O r g a n o c la y  p rep ared  in  our lab oratory  b y  u s in g  so d iu m  a c tiv a ted  
b en to n ite  (k in d ly  su p p lie d  b y  T hai N ip p o n  C o ., L td ., T h a ila n d ) and  
d is te a r o y le th y l h y d r o x y e th y lm o n iu m  m e th o su lfa te  an d  ce tea ry l 
a lc o h o l.

•  S o d iu m -n e u tr a liz e d  e th y le n e -c o -m e th a c r y lic  ac id , S u r ly n ® P C 3 5 0  

(D u p o n t) , M F I o f  4 .5  g/10 m in  (190 °c, 2.16 kg), D u p o n t™ , U S A .
•  C o p p er  (II) n itrate, A ja x  F in e c h e m  P ty  L td ., a n a ly tic a l grad e
•  P o ly v in y lp y r r o lid o n e  (P V P , M W  4 0 0 0 0 ) ,  S ig m a -A ld r ic h , 

G erm an y .
•  L -a sc o r b ic  a c id , A ja x  F in e c h e m  P ty  L td ., la b oratory  gra d e
•  E th y le n e  v in y l a ce ta te  (E V A ), D u p o n t
•  F resh  m a n g o s te e n  ( G arcinia m angostana Linn.)
•  D is t i l le d  w a ter

3 .1 .2  A p p aratu s and  G la ss  W ares
•  R o u n d  b o tto m  fla sk  2 5 0  m l
•  G la ss  c o n d e n se r
•  E r len m ey er  f la sk  2 5 0 , 5 0 0  m l
•  B ea k e r  2 5 , 5 0 , 2 5 0 , 5 0 0  m l
•  C y lin d e r  1 0 0  m l
•  G la ss  stirrer
•  M a g n e tic  stirrer
•  S p atu las
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•  G la ss  d ro p le ts
•  D e s ic c a to r s
•  T h erm o sta t h eater
•  V a c u u m  o v e n
•  A n a ly t ic a l b a la n ce
•  C en tr ifu g a l u n it and  cen tr ifu g a l tu b e
•  pH  m eter  (C y b e r S c a n  p H  1 0 0 0 )

3.2 Equipment

3 .2 .1  H aa k e R h e o m e x  P T W -1 6  c o -ro ta tin g  tw in -s c r e w  ex tru d er  w ith  D  -  16  
m m  and L /D  =  2 5 .

3 .2 .2  B lo w n  f ilm  ex tru d er  (P P 5 0 , T h ailan d ).
3 .2 .3  H o t p r e ss in g  m a c h in e  ( P R 1 D -W 3 0 0 L 3 5 0 , C h a reon  T u t, T h a ila n d ).
3 .2 .4  T r a n sm iss io n  e m is s io n  sp e c tr o p h o to m e te r  (T E M , JE O L  J E M -2 1 0 0  

m o d e l).
3 .2 .5  X -ra y  D iffr a c t io n  M ic r o sc o p e  (X R D ) (B ru k er  A X S  M o d e l D 8 ).
3 .2 .6  S c a n n in g  E le c tr o n  M ic r o sc o p e  (S E M ) (JE O L  JE M  5 8 0 0  L V ).
3 .2 .7  U n iv e r sa l t e s t in g  m a c h in e  (In stron  5 9 6 9 , In stron  E n g in e e r in g  C orp ., 

U S A ).
3 .2 .8  D iffe r e n tia l S c a n n in g  C a lo r im ete r  (M e ttle r  D S C  1, M ettler  T o le d o , 

S w itz e r la n d ).
3 .2 .9  T h er m o g r a v im e tr ic  a n a ly s is  (M e ttle r  T G A , M ettler  T o le d o , 

S w itz e r la n d ).
3 .2 .1 0  U V -V I S -N I R  sp ec tr o p h o to m e te r  (P e r k in -E lm e r  L a m b d a 9 0 0 ) in  

tran sm ittan ce  m o d e .
3 .2 .1 1  C h ro m a m eter  (H u n terL ab  M o d e l C o lo r f le x  w ith  4 57 ° °  o p tica l 

g e o m e tr y  an d  E a sy M a tc h ®  Q C  so ftw a r e ) .
3 .2 .1 2  V a p or  P er m e a tio n  T ester  (M o d e l L 8 0 - 4 0 0 0 , L Y S S Y ).
3 .2 .1 3  O x y g e n  P erm ea tio n  A n a ly z e r  M o d e l 8 0 0 0 , I ll in o is  In stru m en t Inc.

'ท'4-<6a A
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3.3 Experimental

3 .3 .1  S y n th e s is  o f  C o p p er  N a n o p a r tic le  (C u N P )
C o p p e r  n a n o p a r tic le s  (C u N P ) w e r e  prep ared  w ith  a f ix e d  ratio  o f  

c h e m ic a ls  in  ord er to  p r o d u ce  th e  sa m e  p artic le  s iz e  d istr ib u tio n  a s  d isc u sse d  in  พ น  
et al. (2006). 50 m l a q u eo u s so lu t io n  o f  0.4 M  L -a sco rb ic  a c id  and  0.8 M  
p o ly v in y lp y r r o lid o n e  (P V P )  w er e  d irec tly  m ix e d  w ith  a n o th er  50 m l a q u eo u s  
so lu t io n  o f  0.01 M  c o p p e r  (II) n itrate and 0.8 M  P V P  u n d er stirrin g . T h en , the  
m ix tu re  w a s  k ep t at 45 °c w ith o u t an y  inert g a s  p ro tec tio n . A fte r  a b o u t 1 h ou r, the  
in itia l p recu rsor  so lu t io n  w ith  lig h t b lu e  c o lo r  c h a n g e d  red c o l lo id a l slu rry , in d ic a tin g  
the fo r m a tio n  o f  C u N P s. T h e  rea c tio n  w a s  k ep t for  3 h ou rs to  c o m p le te  red u ctio n  
rea c tio n  o f  co p p e r  (II) io n  in to  co p p e r  (0) n a n o p a rtic le s . T h e  c o l lo id a l  slu rry w a s  
k ep t to m ix  w ith  o r g a n o c la y  in  th e  n e x t  step .

3 .3 .2  M ix in g  o f  C u N P  in to  B e n to n ite  O r g a n o c la y  (O B E N /C u N P )
B e n to n ite  o r g a n o c la y  (O B E N ) w a s  d isp ersed  an d  a llo w e d  th em  to

sw e ll  in  d is t ille d  w a ter  for  12 h ou rs. T h en , th e  sy n th e s iz e d  c o p p e r  c o llo id a l slurry  
w a s a d d ed  in to  s w o lle n  o r g a n o c la y  slurry w ith  v ig o r o u s  stirr in g  to  a l lo w  g o o d  
d istr ib u tio n  b e tw e e n  th em  for 2 0  m in . T h e w e ig h t  o f  C u N P  a d d in g  in to  o r g a n o c la y  
w a s c a lc u la te d  to  v a r y  n o m in a l c o n te n ts  o f  0 , 5 , 10, 15 , an d  2 0  w t% . T h e  
a b b rev ia tio n  for O B E N -C u N P  m ix tu re  is  d e n o te d  as O B E N -C u N P x , w h ere  X is  the  
a m o u n t o f  co p p er  n a n o p a r tic le  c o n te n t  (0 , 5 , 10 , 15 , and 2 0  w t% ) in  th e  p o w d e r  
m ixtu re.

T h e  O B E N -C u N P x  m ix tu re  w a s  a l lo w e d  to  s e d im e n t  for  12 h ou rs. 
R e m o v a l o f  e x c e s s  P V P  so lu t io n  w a s  p erfo rm ed  b y  p o u r in g  o u t w a ter  a b o v e  the  
se d im e n t an d  ad d in g  fresh  d is t ille d  w a ter  in to  su sp e n d e d  m ix tu r e s  u n til c lea r  w a ter  
w a s o b se r v e d  a b o v e  th e  se d im e n t. T h e  se d im e n t w a s  d ried  in  a  v a c u u m  o v e n  at 80°c 
for 2 4  h o u rs , and th en  g r in d ed  b y  h an d  to p ro d u ce  f in e  p ow d er .

3 .3 .3  N a n o p a r t ic le  C h a ra cter iza tio n
T r a n sm iss io n  e le c tr o n  m ic r o sc o p y  (T E M ) o f  sy n th e s iz e d  co p p er  

n a n o p a rtic le s  w a s  p er fo rm ed  o n  JE O L  J E M -2 1 0 0  m o d e l and  an a c c e le r a t in g  v o lta g e  
o f  150  k v .  S a m p le s  for  th e  T E M  im a g in g  w e r e  p rep ared  b y  p la c in g  a  d rop  o f  the
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c o l lo id a l  so lu t io n  o n  a co p p er  grid . P artic le  s iz e  d istr ib u tio n  o f  s y n th e s iz e d  cop p er  
n a n o p a r tic le s  w a s  a ls o  d e term in ed  b y  a p artic le  s iz e  a n a ly zer  (M a lv e r n  In stru m en t).

P o w d e r  X -ra y  d iffra c tio n  p attern s w ere  m ea su red  o n  a  B ru k er A X S  
M o d e l D 8  d iffr a c to m e te r  w ith  C u K a rad ia tion  op era te  at 4 0  k v  and  3 0  m A . T h e  

O B E N /C u N P  p o w d e r  w a s  o b se r v e d  on  the 2 0  ran ge o f  2 -8 0  d e g r e e  w ith  a sca n  sp eed  
o f  2  d e g r e e /m in  and  sc a n  step  o f  0 . 0 1  d egree .

3 .3 .4  P rep ara tio n  o f  O B E N /C u N P  M a sterb a tch
T h e  m asterb atch  o f  O B E N /C u N P  w a s  p rep ared  b y  m ix in g  dried  

O B E N /C u N P  m ix tu r e  w ith  S u r ly n ®  P 3 5 0  in  a ratio  o f  1:2 b y  w e ig h t , in  a H aak e  
R h e o m e x  P T W -1 6  c o -r o ta tin g  tw in -sc r e w  ex tru d er  w ith  D  =  16 m m  and  L /D  =  25 . 
T h e o p era tin g  tem p era tu re  o f  extru d er w a s  se t  at 180  °c w ith  a s c r e w  sp e e d  o f  70  
rpm . E xtru d ate  w a s  p e lle t iz e d  for further m ix e d  w ith  p p  p e lle ts  in  a ratio o f  
P P :O B E N /C u N P x  =  99:1  w t% . T h e  letter X refers  to  co p p er  n a n o p a rtic le  c o n ten t in  
w t%  a d d in g  in to  O B E N -C u N P  m ixtu re.

3 .3 .5  P rep ara tion  o f  N e a t  p p  and p p  N a n o c o m p o s ite  F ilm s
N e a t  P P , P P /S u r ly n , P P /O B E N , and P P /O B E N -C u N P x  f ilm  sa m p les  

w e r e  fab r ica ted  u s in g  a w a ter -q u en ch ed  b lo w n  film  ex tru d er  (P P 5 0 , T h a ila n d ). 
T em p era tu re  p r o f ile s  w e r e  2 1 0 , 2 2 0 , 2 2 0 , and  2 1 0  °c fro m  fe e d  z o n e  to  d ie . S c r e w  
sp e e d  w a s  k ep t c o n sta n t at 8 0  rpm . B u b b le  fo r m in g  r in g  o f  2 3  c m  in  w a ter  b ath  w a s  
u se d , w h ic h  fin a l w id th  o f  b lo w n  f ilm  w a s  a b o u t 2 2 -2 3  cm . N ip -r o ll  sp e e d  and  p u ll
o u t sp e e d  w e r e  a d ju sted  to  p ro d u ce  b lo w n  f ilm s  w ith  fin a l th ic k n e ss  o f  4 0 -5 0  p m . 
T a b le  3 .1  su m m a r ie s  th e  a b b rev ia tio n s  o f  th e  b lo w n  f ilm  sa m p le s  and their  
c o m p o s it io n s  a fter m ix in g  th e m asterb atch  w ith  n ea t p p .

3 .3 .6  C la r ity  and M e c h a n ic a l P rop erties  o f  N e a t  p p  and  p p  N a n o c o m p o s ite
F ilm s
C la r ity  and c o lo r  o f  f ilm  sa m p le s  w a s  d e term in ed  u s in g  a  U V -V I S -  

N IR  sp e c tr o p h o to m e te r  (P erk in  E lm er L a m b d a  9 0 0 )  in  tra n sm itta n ce  m o d e . 
L ig h tn e ss  (L * )  an d  c o lo r  in  L ab sy s te m  w a s  rep orted .
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Table 3.1 A b b r e v ia t io n s  and  c o m p o s it io n  o f  b lo w n  f ilm s

A b b r e v ia tio n s PP (w t% )
B en to n ite  

o r g a n o c la y  (w t% )
C u N P
(w t% )

S u rly n  (phr)

N e a t  PP 1 0 0 . 0 - - -
P P /S u r ly n 1 0 0 . 0 - - 2

P P /O B E N 9 9 .0 1 . 0 0 - 2

P P /O B E N -C u 5 9 9 .0 0 .9 5 0 .0 5 2

P P /O B E N -C u lO 9 9 .0 0 .9 0 0 . 1 0 2

P P /O B E N -C u l5 9 9 .0 0 .8 5 0 .1 5 2

P P /O B E N -C u 2 0 9 9 .0 0 .8 0 0 . 2 0 2

T e n s ile  stren g th  and e lo n g a t io n  at b reak  o f  n ea t p p  and p p  
n a n o c o m p o s ite  f i lm s  w e r e  m easu red  in  a cco rd a n ce  to A S T M  D - 8 8 2  u s in g  a 
u n iv ersa l te s t in g  m a c h in e  (In stron  5 9 6 9 , In stron  E n g in e e r in g  C o rp ., U S A ) . U s in g  a 
sh arp  razor b la d e , f ilm  s p e c im e n s  w e r e  cu t from  b lo w n  f ilm s  in  m a c h in e  and  
tra n sv erse  d ir e c t io n s  to ob ta in  rectan gu lar str ip s o f  2 5 .4  m m  X 12 7  m m  lo n g . G a u g e  
le n g th  o f  5 0  m m  w a s  u se d , and cr o ssh e a d  sp eed  w a s  s e t  at 5 0  m m /m in . B e fo r e  
te s t in g , th ic k n e ss  o f  f ilm  sp e c im e n s  w a s  m ea su red  a lo n g  th e  le n g th  in  5 d ifferen t  
areas to  d e term in e  a v era g e  th ic k n e ss . T e n  sp e c im e n s  in  m a c h in e  an d  tran sverse  
d ir e c t io n s  w e r e  te ste d , an d  f iv e  data w ith  c lo s e d  standard d e v ia t io n  w a s  s e le c te d  to  
rep resen t th e  a v e r a g e  and  standard  d ev ia tio n .

T ear p ro p a g a tio n  r e s is ta n ce  o f  n eat p p  and  p p  n a n o c o m p o s ite  f i lm s  
w e r e  m ea su red  in  a c c o rd a n ce  to A S T M  D -1 9 3 8  u s in g  a u n iv e r sa l te s t in g  m a c h in e  
(In stron  5 9 6 9 , Instron  E n g in e e r in g  C orp ., U S A ). U s in g  a  sharp razor b la d e , f ilm  
sp e c im e n s  w e r e  cu t from  b lo w n  f ilm s  in  m a c h in e  and  tra n sv erse  d ir e c t io n s  to  ob ta in  
rectan gu la r  str ip s o f  2 5  m m  X 7 6  m m  lo n g . B e fo r e  te s t in g , th ic k n e ss  o f  f ilm  
sp e c im e n s  w a s  m ea su r e d  a lo n g  th e len g th  in  5 d ifferen t areas to  d e te r m in e  a v era g e  
th ic k n e ss . T h e  g r ip -sep a ra tio n  sp eed  w a s  s e t  at 2 5 0  m m /m in . T h e  lo a d  n e c e ssa r y  to  
p rop a gate  th e  tear th ro u gh  th e  en tire u n s lit  2 5  m m  p o rtio n  w a s  reco rd ed . T en  
sp e c im e n s  in  m a c h in e  and  tran sverse  d ir e c tio n s  w er e  te s te d , and  f iv e  d ata  w ith
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c lo s e d  stan dard  d e v ia t io n  w a s  s e le c te d  to rep resen t th e  a v e r a g e  and standard  
d e v ia tio n .

3 .3 .7  M o r p h o lo g y  o f  N e a t p p  and  p p  N a n o c o m p o s ite  F ilm s
D isp e r s io n  o f  n a n o p a rtic le s  (O B E N  an d  O B E N -C u N P )  in  p p  m atrix  

and  c o m p a tib ility  o f  th e  P P /S u r ly n /O B E N -C u N P  tertiary p h a se s  w e r e  carried  ou t  
u sin g  S E M  (JE O L  JE M  5 8 0 0  L V ). F ilm  sa m p le s  w e r e  d ip p ed  an d  fractured  in  liq u id  
n itrog en . T h e n  th e  sa m p le s  w ere  sp u ttered  w ith  g o ld  b e fo r e  v ie w in g  u n der sc a n n in g  
e le c tr o n  m ic r o s c o p e  (S E M ) op era tin g .

N a n o s c a le  d isp e r s io n  o f  n a n o p a rtic le s  (O B E N  an d  O B E N -C u N P ) in  
PP m atr ix  w a s  s tu d ied  u s in g  X R D  (B ru k er  A X S  M o d e l D 8 ) d iffr a c to m e te r  w ith  
C u K a rad ia tion  op era te  at 4 0  k V  and 3 0  m A . T h e f ilm  sa m p le s  w e r e  o b se r v e d  o n  th e  

2 0  ran ge o f  2 - 1 0  d e g r e e  w ith  a sca n  sp e e d  o f  2  d e g r e e /m in  an d  sc a n  step  o f  0 . 0 1  

d eg ree .
3 .3 .8  T h erm al P rop erties o f  N e a t  p p  and p p  N a n o c o m p o s it e  F ilm

C ry sta llin ity  and m e lt in g  b eh a v io rs  o f  n ea t p p  and  p p  n a n o c o m p o s ite
f ilm s  w e r e  s tu d ie d  w ith  a D iffe r e n tia l S ca n n in g  C a lo r im ete r  (M e ttle r  D S C  1, M ettler  
T o le d o , S w itz e r la n d ). A l l  op era tio n s w e r e  p erfo rm ed  u n d er  a n itr o g e n  a tm o sp h ere . 
T h e sa m p le s  w e r e  first h ea ted  from  2 5  °c to  2 5 0  °c at th e  h e a tin g  rate o f  10 ° c /m in  
in  order to  e lim in a te  th e  in f lu e n c e  o f  th erm a l h isto ry  an d  th en  c o o le d  d o w n  at rate o f  
10 ° c /m in  fro m  2 5 0  °c to 2 5  °c to  o b se r v e  the m e lt  c r y s ta lliz a tio n  b eh a v io r . T h e  
sa m p le s  w e r e  th en  reh ea ted  to 2 5 0  °c at th e  sa m e rate.

T h e rm o g ra v im etr ic  a n a ly s is  (T G A ) w a s  u sed  to  s tu d y  th erm al 
s ta b ility  o f  n ea t p p  and p p  n a n o c o m p o s ite  f ilm s . T G -D T A  c u r v e s  w e r e  c o lle c te d  on  
a  M E T T L E R  T G /D T A  in stru m en t. T h e  d egra d ation  tem p era tu re , in it ia l d eg ra d a tio n  
tem p era tu re , w e ig h t  lo s s  and fin a l d eg ra d a tio n  tem p era tu re  o f  th e  sa m p le s  w e r e  
d eterm in ed . T h e  sa m p le s  w ere  lo a d ed  o n  cera m ic  p an  an d  h ea te d  from  25°c to  
800°c at h e a t in g  rate 1 0 ° c /m in  and f lo w  u n der n itro g en  g a s  o f  2 0 0  m l/m in .

3 .3 .9  P e r m e a b ility  o f  N e a t  p p  and  p p  N a n o c o m p o s ite  F ilm s
V a p o r  P erm ea tio n  T e ste r  M o d e l L 8 0 -4 0 0 0 , L Y S S Y  w a s  u sed  to  

d eterm in e  w a ter  v a p o r  p er m e a b ility  o f  n ea t p p  and p p  n a n o c o m p o s ite  b lo w n  f ilm s .  
W ater v a p o r  p e r m e a tio n  e x p e r im e n ts  w er e  in v e s t ig a te d  f o l lo w in g  p roced u re
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d e sc r ib e d  in  A S T M  E398. T h e te st  w a s  p erfo rm ed  at 38°c w ith  w a ter  v a p o r  p ressu re  
o f  4 9 .7  m m H g . T h e  b lo w n  f ilm s  w e r e  cut in to  c ircu la r  sh a p e  w ith  15 c m  in  d iam eter . 
T h e th ic k n e ss  o f  f i lm s  w a s  m ea su red  u s in g  th e  p e a c o c k  d ig ita l th ic k n e ss  g a u g e  
m o d e l P D N  1 2 N  b y  read in g  15 p o in ts  at ran d om  p o s it io n  o v e r  te s t  area.

O x y g e n  P erm ea tio n  A n a ly z e r  M o d e l 8 0 0 0 , I l l in o is  In stru m en t Inc., 
w a s  u se d  to  d e term in e  o x y g e n  p e r m e a b ility  o f  n ea t p p  and p p  n a n o c o m p o s ite  b lo w n  
f ilm s . G a s p e rm ea tio n  ex p e r im e n ts  w er e  in v e s t ig a te d  f o l lo w in g  p ro ced u re  d escr ib ed  
in  A S T M  D 3 9 8 5 . T h e  te st  w a s  carr ied  ou t at 23°c w ith  o x y g e n  f lo w  rate o f  40 
c m 2 /m in . T h e  b lo w n  f ilm s  w ere  cu t in to  c ircu lar  sh a p e  w ith  15 c m  in  d ia m eter . T h e  
th ic k n e ss  o f  f ilm s  w a s  m easu red  b y  u s in g  the p e a c o c k  d ig ita l th ic k n e ss  g a u g e  m o d e l  
P D N  1 2 N  b y  read in g  15 p o in ts  at ran d om  p o s it io n  o v e r  te st  area.

3 .3 .1 0  A n tim ic r o b ia l A c t iv ity  o f  N e a t p p  and p p  N a n o c o m p o s ite  F ilm s
B a cter ia l s e n s it iv ity  to  a n tib io tic s  w a s  carr ied  o u t u s in g  th e  agar  

d if fu s io n  test . Prior to  m ix in g , sa m p le  p o w d e r  and  d is t ille d  w a te r  w er e  a u to c la v e d  at 
12 0  °c. P a ste  o f  O B E N  and O B E N -C u N P  w e r e  prep ared  b y  m ix in g  0 .2  gram  o f  
sa m p le  p o w d e r  in  5 0  p i d is t ille d  w ater . T h e E sc h e r ic h ia  c o li  ( E .c o l i)  su s p e n s io n  (1 0 0  

p i o f  1 0 4  -  1 0 5  C F U  m l'1) w a s  a p p lied  u n ifo rm ly  o n  th e  su r fa ce  o f  n u trien t agar p la te , 
and th en  f iv e  h o le s  w e r e  cu t o n  th e agar p la te  for p la c in g  th e p o w d e r  p aste . D is t ille d  
w a ter  w a s  p ut in to  th e  cen ter  h o le  as the co n tro l r e feren c e . E a ch  sa m p le  (O B E N ,  
O B E N -C u N P 5 , O B E N -C u N P  10, O B E N -C u N P  15 , and  O B E N -C u N P 2 0 )  w e r e  put 
in to  tw o  h o le s  in  th e  p la te s . T h e p la te s  w ere  in cu b a ted  at 35  °c for  2 4  h , after w h ic h  
p h oto  o f  th e  in h ib it io n  z o n e  (c le a r  z o n e )  su rrou n d in g  th e p a s te  w a s  ta k en  for  
c o m p a r iso n . T h e  sa m e  p roced u re  w a s  a lso  p er fo rm ed  u s in g  sm a ll p ie c e s  o f  n eat p p  
and  P P  c o m p o s ite  b lo w n  f ilm s  a s  th e  a n tib io tic s .
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